We demonstrate that the phonon-induced variation of electron effective mass gives a substantial contribution to the electron-acoustic-phonon interaction in semiconductor nanostructures. Calculations are carried out for electrons in a quantum well ͑QW͒ and a quantum wire ͑QWR͒ of III-V heterostructure materials. This mechanism gives rise to an interference effect in electron scattering with longitudinal acoustic phonons via the deformation potential and allows the electrons to interact with transverse acoustic phonons. Due to these peculiarities, the additional channel of scattering can either increase or decrease the total scattering rate. For a given semiconductor, the modified scattering constant has been shown to depend on the dimensionality of the electron gas, the size and the shape of the nanostructure, and on the temperature. The scattering constants for intrasubband transitions in QW's and QWR's are different for the electron energy and momentum relaxation. For narrow QW's or flattened QWR's, modification of the commonly used bulk deformation potential interaction at low temperatures originates mainly due to interaction with transverse acoustic phonons. For GaAs QW of 50 Å width, the ratio of the total relaxation rate of the electron energy to that from the bulk deformation potential coupling is about 0.65 for the temperature 4 K and 1.7 for 20 K.
I. INTRODUCTION
The most important mechanism of interaction between electrons and acoustic phonons in semiconductors is the interaction via the deformation potential ͑DP͒. In a crystal of the cubic symmetry, the interaction energy of an electron having a wave vector k close to a conduction-band minimum kϭ0 is determined by 1 D("•u) where D is the deformation potential constant and u is the acoustic displacement. This mechanism leads to the interaction of electrons only with longitudinal acoustic ͑LA͒ modes. In a cubic crystal with the energy extremum located at the point k 0 or in anisotropic crystals, the DP interaction is specified by a second-rank tensor, and the electrons interact with transverse acoustic ͑TA͒ phonons as well. 2 The bulk DP interaction is widely applied to electrons confined in nanostructures although in crystals having heteroboundaries the translation symmetry is broken. For such structures, the DP constant is treated as an adjustable material parameter differing from the bulk value. In particular, for Al x Ga 1Ϫx As/GaAs heterostructures, by matching the theory with the experimental data on electron mobility, 3, 4 ͉D͉Ӎ12 eV has been obtained while the commonly accepted value for bulk GaAs is 7-8 eV. 5, 6 It is usually assumed that scattering of electrons in quantum wells ͑QW͒, quantum wires ͑QWR͒, and quantum dots with acoustic phonons is described by the same DP constant that does not depend on the size of the nanostructure ͑e.g., see Ref. 7͒ and that the coupling constant that determines the energy loss rate is equal to that for the electron mobility. 8, 9 The goal of this paper is to reexamine the generally accepted approach according to which the scattering of the confined electrons with acoustic phonons via nonpiezoelectric interactions is specified by a single scattering constant.
In quantum structures, the bulk DP shifts the conductionband edge and the spatial quantized energies ͑subbands or discreet levels͒ at the same value. In structures with small interface spacing, this interaction has to be supplemented by taking into account a direct deformation perturbation of the energy levels. [10] [11] [12] The expression for a quantized energy, Eϳប 2 /(m*L 2 ), indicates that an additional coupling originates from phonon-induced changes of the effective size of electron localization L and the electron effective mass m*. Our previous analysis [12] [13] [14] shows that the main additional size-dependent interaction originates from the deformationrelated variation of the effective mass ͑VEM mechanism͒. In contrast to bulk materials where VEM mechanism is negligible ͑for energies near band edge͒, for nanostructures this interaction can play a noticeable role due to a finite value of the lowest electron energy. If the interface spacing is small enough, electron scattering can be affected strongly by this interaction. The results of calculations briefly reported in Ref. 13 show that the contribution of VEM mechanism to the electron mobility in a narrow GaAs QW is comparable with and can even overcome that from the usual DP coupling. For quantum dots of small sizes, the additional scattering via the VEM mechanism prevents 14 the reduction of the electron relaxation rate with decreasing dot size as predicted by the conventional DP theory. 7 The additional mechanism brings about qualitatively improved features in the electron-acoustic phonon interaction in low-dimensional structures. First of all, the matrix elements of transition for electron scattering with LA phonons via the DP and VEM interactions appear to be in phase. As a result, the transition probability depends on the sign of the DP constant D. In cubic crystals with the conduction-band minimum at the ⌫ point, electrons interact with TA phonons as well. Due to the interaction with TA phonons and the interference effect, the additional mechanism can either augment or suppress the total scattering rate with respect to the rate provided by solely DP coupling. 13, 14 The transition probabilities calculated within the framework of the deformation-potential formalism are proportional to the scattering constant D 2 . In this paper we show that due to the additional VEM mechanism, the effective scattering constant for the same semiconductor depends on the size and the shape of nanostructure and on the temperature. Moreover, the constants responsible for the electron energy and momentum relaxation appear to be different.
We investigate the influence of the deformation-related variation of the electron effective mass on scattering of QW's and QWR's. We will be interested primarily in nanostructures with electrons completely confined to the interior ͑the well or the wire͒. In such structures, the influence of the VEM mechanism can be significant and the electron-acoustic phonon coupling is specified by only two material parameters-a bulk DP constant and the pressuredependence coefficient of the electron effective mass. Moreover, this allows us to separate the electron motion in all three spatial directions and, thus, to perform an analytical investigation of the associate additional channel of scattering in nanostructures of different shapes. Penetration of electrons into barriers can be regarded as an increase of the effective sizes of nanostructure. It is clear that in this case the partial contribution of the finite-size mechanism decreases. Besides, in order to describe the electron-phonon interaction in a finite-barrier structure, one needs also to know the previously mentioned parameters for barrier materials. For such structures, we will estimate a role of VEM mechanism neglecting a difference in parameters of materials forming nanostructures.
In this study, we concentrate on the role of the VEM mechanism in modifying the kinetic properties of confined electrons. In Sec. II, we introduce the interaction Hamiltonian and estimate a pressure coefficient of the electron effective mass for typical III-V materials. Then, in Sec. III and Sec. IV we evaluate and analyze a contribution of the additional interaction to the electron energy and momentum relaxation due to intrasubband scattering in QW's and QWR's. Principal conclusions of this work are given in Sec. V.
II. BASIC EQUATIONS
In bulk semiconductors, the interaction Hamiltonian associated with a deformation variation of the electron effective mass is well known.
2 For low-dimensional systems, the corresponding perturbation has been derived 13, 14 using the kinetic-energy operator of the Ben Daniel-Duke form, 15 (Ϫប 2 /2)"•͓m Ϫ1 (r)"͔. The energy of interaction between electron and the lattice deformation originates from the linear term of an expansion of the inverse effective mass, 1/m(r), over the components of the strain tensor. For cubic crystals, we get
where ␣ϭx, y, or z, u ␣␣ is the diagonal component of the strain tensor, and is a phenomenological parameter. The perturbation of Eq. ͑1͒ holds for all nanostructure types. For QW's and QWR's, we will disregard the VEM for the directions along which the translation symmetry is preserved. For a weak deformation as in the conventional case of acoustic phonons, the total interaction is defined by a superposition of the deformation-potential interaction and the perturbation of Eq. ͑1͒. The parameter is expressed through a pressure coefficient of the electron effective mass as ϭ(3K/m*)(dm*/dP)Ӎ(3K/E g )(dE g /dP), where K is the modulus of the hydrostatic compression. The last approximation holds for narrow-gap semiconductors where a linear relationship between m* and the band-gap energy E g is satisfied. For a low pressure, the electron effective mass increases with the pressure rise as in the case of the band-gap variation; 16 i.e. Ͼ0. Using the data for the elastic moduli and pressure coefficients of E g given in Ref. 16 , we find Ӎ17 for GaAs, Ӎ28 for the In 0.53 Ga 0.47 As ternary compound, and Ӎ42 for InAs ͑for InAs, the pressure coefficient of the spin-orbital splitting and the band gap are taken to be equal͒. For GaAs, the measured pressure coefficient, 17 dm*/dPϭ0.007m*/kbar, corresponds to Ӎ16. The inequality ӷ1, which holds for the previously considered semiconductors, implies the condition that the additional interaction 10, 11 attributed to the phonon-induced changes of the distance between interfaces is small, compared to the VEM interaction. For semiconductors where a shift of conduction-band edge provides the main contribution to the pressure dependence of E g ͑this is true for practically all semiconductors 6 ͒, we get ӍϪ3D/E g . This relationship shows that DϽ0 and provides an estimate of values, which is in acceptable agreement with previously obtained values when DӍϪ8.1, Ϫ7, and Ϫ5.7 for GaAs, In 0.53 Ga 0.47 As, and InAs, respectively.
We will ignore the effect of acoustic mismatch at the interfaces and use the standard expansion of the displacement u over the bulk acoustic modes that are found in the isotropic continuum approximation. The differences in elastic constants for the III-V materials forming conventional heterostructures are small 16 and approximation of the same acoustic phonons in the nanostructure and in its matrix is well established. 15 Based on the same elastic constants, the continuum approximation can be used without limitation on the nanostructure size. The probability of a transition between the initial i and the final f electron states is calculated in the first order of perturbation using the Fermi golden rule
Here is the density of crystal, V is the normalization volume, and M i f j,Ϯ is the matrix element of the transition; j and q are the phonon frequency and wave vector, jϭl and j ϭt 1,2 label longitudinal and two transverse phonon modes, respectively, and N is the Planck distribution function. In Eq. ͑2͒ and throughout the remainder of this paper the upper sign corresponds to emission and the lower sign to absorption of the acoustic phonons. We use a linear isotropic relation j ϭs j q where the sound velocities in a cubic crystal s j are taken to be equal to the appropriate average quantities. 18 The unit vectors of the phonon polarization e j are chosen in the following form:
where q ʈ ϭ(q x ,q y ,0) and q ʈ ϭͱq x 2 ϩq y 2 .
III. QUANTUM WELL
We consider rectangular QW of an infinite length in the x,y directions. Electrons confined in z-direction have twodimensional wave vector kϭ(k x ,k y ) and the energy E 1z ϩ(k), where E 1z is the lowest energy level of size quantization and (k)ϭប 2 k 2 /(2m*) is the kinetic energy of electron. We take into account the deformation modulation of the electron effective mass in z direction. For the double-barrier heterostructures under consideration, we also take into account the ''macroscopic deformation potential'' 10 associated with the deformation-related change of the interface spacing. This interaction is expressed through a confinement potential V(z) as 12 Ϫu z dV/dz. So, only l and t1 modes, which have displacements with u z 0, contribute to the additional mechanisms of electron-acoustic-phonon interaction. Let us consider the intrasubband transitions between the electron states k,kЈ in an infinitely deep rectangular QW bounded by planes zϭ0 and zϭL z . We obtain
where
. The electron form factor F 1 j and the function D z (q z ) are given by
The previously obtained matrix elements can be derived using the interaction energy, ͚ ␣ D ␣␣ u ␣␣ , where the nonzero components of the DP tensor are D xx ϭD yy ϭD and D zz ϭDϩD z (q z ). The symmetry of this tensor reflects the axial symmetry of the QW structure. Separating the bulk potential, one can rewrite this modified DP interaction as
Kinetic properties of electrons in QW's subjected to scattering with acoustic phonons via deformation and piezoelectric potentials are described by Price's theory; 19 more detailed calculations were carried out in Ref. 20 . In order to illustrate the role of the additional scattering, we calculate the electron energy and momentum relaxation rates, e and m , respectively. We will assume that the electrons are degenerate, i.e., k B TӶ F , where F is the electron Fermi energy, and the electron temperature T e deviates slightly from the lattice temperature T. The rate e that relates the electron power loss ͑per electron͒ Q with the difference T e ϪT, as QϭϪ e k B (T e ϪT), is given by
/ប,2 is the angle between the electron's initial and final momenta, and n 2 ϭk F 2 /2 is the sheet density of electrons. The variable is expressed through the energy transfer of the electrons as ϭ͉ϪЈ͉/ប.
Let us first consider the Bloch-Grüneisen regime when the scattering processes are substantially inelastic. This regime corresponds to the temperatures T that are less than or comparable to the characteristic temperature T 0 ϭ2s t បk F /k B . For this regime, the inequality q z j L z Ӷ1 is satisfied, and one can set F 1 j ϭ1 and D z (q z )ϭD z (0). In the limiting case of TӶT 0 , the above expression for e reduces to
where (x) is the Riemann's function and D e is the renormalized DP constant, which is given by
͑9͒
Equation ͑8͒ with D e determined by Dϭ⌶ d and ␦ ϭ⌶ u /⌶ d formally coincides with the rate of energy losses calculated in Ref. 21 for Si metal-oxide-semiconductor fieldeffect transistors using the deformation-potential interaction
Thus, in a semiconductor with the conduction-band extremum at ⌫ point, the low-temperature energy relaxation of electrons in a QW due to scattering on acoustic phonons is described by a tensor of deformation potential that takes place for many-valley semiconductors. In our case, a deformation potential related to shear deformation emerges from the additional interaction: ⌶ u ϭ(Ϫ2)E 1z . The average momentum relaxation rate of electrons in a QW, m , can be obtained straightforwardly from Eq. ͑7͒ by multiplying the integrand by 2k B Tk F 2 sin 2 /(m* 2 ). This rate determines the acoustic-phonon-limited electron mobility as e/(m* m ) (e is charge of the electron͒. In the limit as T →0, this rate obeys the dependence T 5 , valid for deformation-potential scattering, 19 and is specified by the coupling constant
which differs from D e . So, in order to describe electron scattering in a QW in the framework of deformationpotential theory, one should not use only one but two adjustable constants-one for the energy losses and another for the electron mobility. The ratio of the scattering constants to the bulk value, (D e /D) 2 and (D m /D) 2 , as the functions of QW width L z are shown in Fig. 1 for GaAs and InAs-based heterostructures ͑dependences for InAs are shown only for wide QW's where the electron states satisfy the two-band model͒. We can see that the renormalization of the DP constant is more pronounced in semiconductors with small electron effective masses. The electron momentum relaxation is more affected by the additional scattering than the energy relaxation: D m 2 exceeds D 2 and increases with the decreasing values of L z , while the constant D e 2 varies nonmonotonically and, over a wide range of L z , deviates slightly from D 2 . It is worth emphasizing an important role of TA phonons in electron scattering at low temperatures. Curves TA show that the enhancement of the electron relaxation is caused mainly by scattering at TA phonons. On the contrary, due to the interference effect between the DP and VEM mechanisms, the additional scattering on LA phonons leads to the suppression of the total rate. This peculiarity is illustrated by the sections of the curves 1Ј,2Ј for which D e 2 ϽD 2 and by the curves LA. Note, that an interaction strength smaller than the theoretical calculation of the DP interaction has been observed for electron energy losses in Si heterostructure. 21 Equations ͑9͒ and ͑10͒ obtained in the limit T→0, become invalid as the temperature increases. With increasing T, phonons with q z Ͼq ʈ begin to dominate in the scattering. So far as M t ϳq ʈ , the contribution of TA phonons decreases. At the same time, due to the change of the sign of D z (q zl ) in M l the additional scattering at LA phonons starts to increase the total rate. This complicated situation (T is of the order or greater than T 0 ) must be investigated numerically. The temperature dependences of the normalized relaxation rates calculated for various semiconductor materials ͑Ref. 22͒ are shown in Figs. 2 LA in Fig. 3 , one can see that augmentation of the relaxation rate in the low-T range originates from the scattering with TA phonons.
Certainly at high T, in contrast to the above case of T →0 illustrated by Fig. 1 , the influence of the additional channel of scattering is more pronounced for the electron energy relaxation. Moreover, with increasing T, the rate e (T) does not tend to saturation as e (DP) (T) does. 19 This peculiarity originates from the nonlocal nature of the interaction given by Eq. ͑1͒. For high T when the inequalities q z ӷq ʈ ,L z Ϫ1 are satisfied, the function 3 ͉M l ͉ 2 ͉F 1l ͉ 2 /q zl in Eq. ͑7͒ increases as 2 sin 2 (L z /2s l ) with increasing while for DP scattering it decreases as sin 2 (L z /2s l )/ 2 . This represents the unusual situation where the reduction of the electron momentum space dimensionality ͑described by the electron form factor F 1l ) does not restrain the electron scattering at short-wavelength phonons. The contribution of such phonons is restricted only by the phonon-distribution function. On the contrary, the influence of VEM mechanism on the momentum relaxation weakens with increasing T. For this relaxation process, the electron collisions with shortwavelength phonons occur under the phonon equipartition distribution (បӶk B T) and the contribution of such phonons is restricted by the electron form factor. It results in the usual high-temperature asymptote m (T)Ӎ m (DP) (T)ϳT. The set of curves 1-3 in Figs. 2 and 3 show that for GaAs QW's the corrections related to the VEM mechanism become important when the width does not exceed 80 Å .
IV. QUANTUM WIRE
We consider electrons occupying the lowest subband of a rectangular QWR of infinite length in z direction having a y-directed width L y and an x-directed width L x ͑let it be L x рL y ). Assuming that the potential walls are impenetrable for electrons, we can present the effective-mass electron wave functions in the multiplicative form as
where L z is the normalization length along the axis of the wire. The electron energy is E 1x ϩE 1y ϩ(k), where
, ␣ϭx,y, and (k)ϭប 2 k 2 /(2m*). The scattering rate and the transport properties of electrons in a QWR, which interact with acoustic phonons through the deformation potential, were calculated in Refs. 23 and 24. Here, we focus on the role of the additional mechanisms of Eq. ͑1͒ in intrasubband scattering of electrons in QWR's. The probability of electron transitions from the initial state k to the final state kЈ with the assistance of jth acousticphonon mode is given by Eq. ͑2͒ where now
. From the energy and momentum conservation it follows 23, 24 that for the accepted range of the lowest electron energies (Ͻm*s l 2 ), the longitudinal component of the phonon wave vector q z is much smaller than the transverse component q Ќ ϭͱq x 2 ϩq y 2 . For GaAs it holds for (k) Ͼ0.01 meV. Neglecting the q z component in the phonon dispersion laws, we get
where is an azimuth angle in the polar system (q x ϭq Ќ cos ,q y ϭq Ќ sin ) and
The matrix elements of Eq. ͑12͒ correspond to the following components of the modified DP tensor: D xx ϭD ϩD x ,D yy ϭDϩD y ,D zz ϭD. In the general case, all these three components are different.
Some important peculiarities of the electron-acousticphonon interaction associated with the VEM mechanism can be revealed from the analysis of the dependence of scattering rate on the electron kinetic energy . For the rates of phonon emission,
upon the integration over q z we get (Ϯ) ͑ ͒ϭ 1
where jϭl,t2. ͑The contribution of t1 branch of the transverse mode is negligible due to the inequality q z Ӷq Ќ .) For the emission rate, the upper limit of integration equals /(បs j ), this limitation is imposed by the requirement that the expression under the square roots must be positive. For the absorption rate, the integration over q Ќ can be formally extended up to ϱ. For scattering of electrons with small energies ( Ӷ2បs t /L x,y ), one can simplify Eq. ͑14͒ setting F 2 j ϭ1 and neglecting the q-dependent terms in D x and D y . In this case, the rates of Eq. ͑14͒ are proportional to the effective constant D 2 , which equals D 2 (1ϩ␦) for QWR's with a square cross section and D e 2 of Eq. ͑9͒ for the flattened QWR's (L x ӶL y ), where now ␦ϭE 1x /D. Assuming also that ប Ӷk B T, we find the low-energy asymptote of the phonon emission rate (ϩ) ͑ ͒ϭ
͑15͒
that for D ϭD coincides with the rate 23 obtained for the DP interaction. We see that in contrast to the DP interaction, the phonon emission rate depends on the thickness and the shape of a QWR. For flattened QWR's, as follows from the analysis of D e for electrons in a QW, the emission of TA phonons appears to be important and the overall rate of phonon emission can be smaller than the rate of LA-phonon emission via solely DP coupling. When the width L x is less than some critical value, the emission of TA phonons dominates over LA-phonon emission. As seen from Eq. ͑12͒, in QWR's that have a square-shaped cross section, TA phonons are not involved in scattering on low-energy electrons.
The electron scattering rate ͓the sum of the phonon emission and absorption rates calculated from Eq. ͑14͔͒ as a function of electron energy is shown in Fig. 4 for the three different cross sections of the QWR. For comparison we have also plotted the scattering rates corresponding to the DP interaction. All pairs of curves that correspond to QWR of the same width, e.g., curves 1 and 1Ј, demonstrate that the VEM mechanism decreases the scattering rate in the low-energy range, shifts the maximum of the spectrum, and increases the rate for electrons with high energies. The first peculiarity appears to be due to the interference effect. The shift of the maximum and increase of the scattering rate at high energies reflect the nonlocal nature of the interaction of Eq. ͑1͒: the dependence of the matrix elements on phonon wave vector, presented by Eqs. ͑12͒ and ͑13͒, prevents the rapid reduction of the scattering rate.
The change of the transition probability modifies both the energy and the momentum relaxation of electrons. To illustrate the role of the VEM mechanism in transport properties of a QWR, we will analyze as in the case of a QW, the average electron energy and momentum relaxation rates. These values are derived from the corresponding balance equations under conditions of a small deviation from equilibrium. As well as for a QW, we use the Fermi distribution function with the electron temperature T e . This assumption supposes that the electron-electron scattering rate greatly exceeds the electron-phonon relaxation rate. Although such distribution function can be a crude approximation, this model makes possible to consider the main qualitative peculiarities brought about by VEM mechanism into the electron-phonon scattering via DP interaction. ͑The energy losses of electrons in a QWR due to DP interaction were analyzed, using the electron-temperature approximation, in Ref. 7͒ . Transport properties of electrons are described within a linear response to applied electric field. For degenerate electrons, under such assumptions we obtain
where f 0 () is the equilibrium Fermi distribution function, n 1 ϭ2k F / is the electron concentration in a QWR. In Eq. ͑16͒, we replace the summation over k,kЈ with the integration over and ϭ͉ϪЈ͉/ប and take into account the discontinuity of the probability W k,k Ј j at ϭЈ, according to Eq. ͑2͒. Since, for degenerate electrons, the energy transfer ប is small compared to the Fermi energy and បk F /m*ӷs j , we find that q Ќ j Ӎ/s j ӷq z . Performing the integration over , we obtain the following final expressions:
where jϭl,t2. It is easy to see from Eq. ͑17͒ that at low temperatures, when the long-wavelength phonons dominate in electron scattering ͓F 2 j Ϸ1 and D ␣ (q ␣ )ϷD ␣ (0)], both the energy and momentum relaxation rates are proportional to the same effective scattering constant, in contrast with the case of a QW. This constant coincides with the D value that determines the scattering rate of Eq. ͑15͒. With increasing T, when the scattering with short-wavelength phonons becomes important, the ''energy'' and ''momentum'' scattering constants appear to be substantially different. For QWR's with a square cross section, the rates e (T) and m (T), normalized at the corresponding rates due to DP coupling, are presented in Figs. 5 and 6 for several temperatures as a function of the width of QWR. As seen, both relaxation rates experience a dual influence as a result of electron scattering on phonons due to the VEM mechanism. As well as for electrons in a QW, the peculiarities appear due to the interference effect in scattering on LA phonons and due to the scattering on TA phonons. Comparing Figs. 5 and 6, one can see that only at low temperatures ͑curves 1͒ the ''energy'' and ''momentum'' scattering constants are close to each other. For higher temperatures, these constants differ in magnitude, especially at high T, and have a qualitatively different dependence on the transverse dimensions of the QWR; see curves 4. Figure 5 shows that for QWR's with the same cross section, the scattering constant depends nonmonotonically on the temperature and-for a given temperature-can either decrease or increase with the increasing of thickness of QWR. As seen in Fig. 6 , for a narrow electron channel (LϽ40 Å) and low temperatures, the additional scattering increases the momentum relaxation rate ͑curve 1͒, while for the wider channels or higher temperatures it results in a decrease of the rate. Note, that in contrast with the QW case, the effect of TA phonons at low temperatures is less pronounced. Indeed, for QWR's having a square-shaped cross section, the rates given by Eq. ͑17͒ are proportional as T→0 to a scattering constant D 2 (1 ϩ␦) that determines the scattering at LA phonons only. Thus, while electrons in a QW are scattered predominantly on TA phonons, electrons in a QWR with square cross section do not interact with TA phonons at all.
V. CONCLUSIONS
We have studied the role of deformation-induced variations of electron effective mass and the associated contribution of acoustic-phonon scattering to relaxation processes in a low-dimensional electron gas. The electron scattering rates due to interaction of electrons with acoustic phonons via the conventional deformation potential and the VEM mechanism have been calculated for III-V semiconductor QW's and QWR's. The nanostructure-size dependent additional mechanism under consideration brings about qualitatively improved features in the electron-acoustic phonon interaction. It gives rise to an interference effect in electron scattering on LA phonons via the deformation potential and results in the interaction of electrons with TA phonons. We have found that in narrow QW's or thin flattened QWR's, the emission of TA phonons can dominate over the emission of LA phonons under the relaxation of electrons at low temperatures. The interference leads to a dependence of the scattering rate on a sign of the deformation potential constant D. These peculiarities lead to an unusual situation where the additional channel of scattering can either increase or decrease the total scattering rate. In other words, an effective scattering constant that describes the electron relaxation in nanostructures ͑equals D 2 in the deformation-potential theory͒ appears to be nonuniversal. For a given semiconductor, the modified scattering constant depends on the dimensionality of the electron gas, the size and the shape of the nanostructure, and on the temperature. We have also demonstrated that one has to use different coupling constants in order to describe the electron energy losses and mobility.
